Sand spits are depositional landform and most active features near the coastal bays and inlets. The combine interactions between the wind, wave transformation, tidal variation, availability of sediment and river discharge decide the spit morphology, growth and orientation. The beaches around Rushikula river inlet is known as one of the largest rookeries of the olive ridley turtle. The spatial and temporal evolution of the sand spit, geomorphology changes and sediment distribution based on the data collected during 2005-2011 at different time intervals on the both sides of the inlet are assessed. Shoreline oscillation and geomorphology are monitored using real time global positioning system (RTK-GPS). The shoreline undergoes natural phases of erosion and deposition process, however, the entrapment of huge longshore sediment during southwest monsoon months near the river inlet triggers northerly progression of the sand spit and small temporary islands that are highly conducive for formation of nesting habitat. Sediment samples (n=210) collected at different transects representing fore, mid and backshore are analyzed to understand the role of grain size in erosion/ accretion process.
Introduction
Sand spit is a coastal depositional landform build up primarily due to entrapment of sediment transported by wave induced longshore current (Evans, 1942) . Earlier studies indicate that the spit morphology is primarily influenced by the geological framework, sea-level rise, sediment availability, winds and tides and human interventions (Allard et al., 2008) . In many cases, stable sand spits along beachfront act as a buffer zone and protect the mainland from natural calamities i.e., storm surge, tsunami and coastal inundation and also sometimes used for human settlement, tourism and multifarious other maritime related activities that warrants a need to understand its behavioural dynamics.
Along the Indian coast, seasonal longshore sediment transport plays an important role in beach processes and sand spit formation near the inlets and few studies on saptio-temporal morphological evolution of sand spit based on observed and remote sensing data is available (Barik et al., 2014) . The study site near Rushikulya river mouth is a well known rookery formation ground for endangered olive ridley turtles. As a part of the shoreline management plan, longterm shoreline monitoring was carried out. The paper describes the seasonal variability of spit morphology, beach profiles, sediment grain size and their long and short term variations.
Study Area
The Rushikulya River (19 0 22.8' N and 85 0 5.024' E) with a catchment of 8024km 2 , is a seasonal minor river debouches into Bay of Bengal, east coast of India (Figure 1 ). The beaches on the north side of the river inlet supports en masse nesting of olive ridley turtle and identified as one of the world's largest rookeries (Pandav et al., 1994) . On the south of the inlet, sand spit parallel to the coast is conspicuously formed throughout the year. The spit dimension changes continuously and influences the adjoining beach morphology. The coast experiences seasonal reversal of wind i.e., southwest (SW) from April to September and northeast (NE) from October to March, accordingly oblique waves and coastal currents dominate northerly longshore transport (Barik et al., 2014) . The tide is semidiurnal in nature and the maximum tidal range is mostly within 2 ~2.2 m, maintains a better tidal exchange in the estuarine environment. The wave climate of the area based on wave energy can be classified into four categories i.e., high energy during June to September; moderate are October and November; low energy during March to May and very low energy occurs in December to February. The net longshore sediment transport is about 1.1 x 10 6 m 3 / yr and is mostly northerly; the northerly longshore drift is predominant during March to September triggers huge sand movements along the beaches and contribute to the subsequent shoreline changes (Mishra et al., 2014) . 
Material and methods
A field campaign was made during 2005 to 2011 as a part of shoreline management plan for south Odisha coast and the study aims to assess the short and long-term variations of sand spit shape, size, growth and its influence on rookery habitat. The shoreline was monitored at different time intervals (n=38) during 2005 to 2011, beach profiles at monthly basis (n=29) during 2008 to 2011and corresponding sediment samples (n=210) for the period 2008 to 2010 were collected and analysed. The shoreline (berm line) was observed by ArcPad (Leica DGPS GS5) with an accuracy level of 1~2m and analyzed using Arc GIS.9.2 software for the mapping and change in length and area of the sand spit. The beach profiles were measured using real time kinematic global position system (RTKGPS, leica SR 1200 make) with an accuracy of ±1 cm on XY-plane and ±2 cm on z-plane. Beach profiles of the sand spits at three transects separated by a distance of about 1km each were measured from July, 2008 to March, 2011 (figure.1).The beach volume and width were calculated. Sediment samples collected from backshore (BS), midshore (MS) and foreshore (FS) were analyzed for texture. The FS, MS and BS widths vary seasonally, characterised by the swash zone, upper face of the berm and dry part of the upper separated by 60 to 100m. Sediment samples were sieved at ½ Φ interval and the graphic parameters were calculated (Folk and Ward, 1957) . Usually, the sediment grain size is represented in Φ intervals equal to one Udden-Wentworth grade and phi (Φ) unit is computed as the negative logarithmic of diameter in millimetre (Φ = -log2 d).
Result and Discussion

Shoreline
A conspicuous sand spit at the river inlet was invariably formed throughout the year and its temporal variations is well represented in satellite images (Figure 2 ), are identical with measured shoreline geomorphic features. Satellite image of April' 2014 indicates that the spit has been partially eroded by inundation and the original coastline gets direct exposure to the sea waves, initiating phases of erosion and accretion (Figure 2 ). It confirms that the sediment brought by the river and the littoral drift along the coast is the key factor in retaining and sustaining the sand spit and its growth. The measured shorelines for 2005 to 2011 were plotted on a monthly basis to demarcate the spatio-temporal variation of the spit morphology (Figure 3) . During 6 years, it was observed that the sand spit is highly dynamic and progressively moved in northerly direction. This may be primarily due to the sediment input from the river and predominant northerly littoral drift. During November, 2006 the spit was artificially cut as a part of flood management, as a result of which the portion disconnected from the spit remain as a separate entity and with time got completely washed out by March 2007 (Figure 3c ). The beaches on the northern side of the river mouth started accreting and a well developed beach was formed during June 2008. Simultaneously, the main sand spit on the southern side of the river mouth began growing northerly from a length of 1807m during June, 2008 to 5552m by the end of September, 2011. The tip of the sand spit curves like a hook and bends towards river side during southwest (SW) monsoon months and retreats back towards ocean side during northeast (NE) monsoon. This behaviour of the spit clearly demonstrates during SW monsoon, with the increased wave height and strong northerly littoral drift the tip act as a sediment trap, however, high waves approaching from the ocean side erode the tip partially and forcing the tip to bend inward towards river side. During NE monsoon months, low waves in the seaside and strong flow from river to ocean, change the shape of the sand spit tip.
In accordance with the spit growth, river mouth continuously shifted towards north and the mainland beaches on the north side of the river mouth get eroded. This is due to the sand spit acting as a shadow zone for the mainland beaches and long shore sediment transport does not reach to these beaches. These mainland beaches were used to be the rookery grounds for olive ridely turtles, however, due to loss of theses beaches, the nesting ground has shifted towards further north (Barik et al., 2014) .
The length and area of the sand spit indicates a continuous increasing trend during the study period ( Figure  4) . The growth of the sand spit is natural, however with the manual dredging of the spit, the continuity of the long shore transport gets disrupted as a result of which the detached part of the spit under the influence of monsoonal wave and tide gets eroded. The length of the sand spit was 751 m during November, 2006 and by the end of September, 2011 it had reached to a length of 5,552m. Considering the area of the spit, there is a gain of 4,20,757 m 2 during November, 2006 to March, 2011. On seasonal basis, the area gained is more during NE than the SW monsoon months. 
Beach profile
Beach profiles monitored at three transects on the spit i.e., beach profile at the origin point of growth of the sand spit (SPIT-1), 1km (SPIT-2) and 2km (SPIT-3) were used to calculate the spit width and volume and their variations. Similarly, one transect in the nesting beach (PNB-2) on the south of the inlet is analysed to assess the impact of spit on the coastline. The maximum beach width of 235m was observed during December, 2010 and minimum of 170m in April, 2009. Along SPIT-1 transect on the river bank side, an elevation of 5.0m is attained and the formation of sand dunes of varying heights along with coastal vegetation stabilize the spit base.
On the seaside, the beach profiles oscillates about 60m where as on river side, it is only 10m. Similarly, at transect SPIT-2, maximum beach width of 86m was observed during May,2009 and minimum of 59 m observed during December, 2010 and the maximum elevation was 3.0m on sea side during January, 2010 at transect SPIT-2 (Figure 5b) . Comparatively, beach profile at SPIT-3 is exposed to the tidal inundation and maximum beach width of 204 m was observed during April, 2009 and minimum of 148m during December, 2010 with a maximum elevation of 2.6m on sea side during January, 2010 at transect SPIT-3 (Figure 5c ). The maximum changes occurred on the sea side at SPIT-2and SPIT-3 are 30m and 56m respectively, whereas 10m and 20 m on river side. The spit elevation is mostly above 2m throughout the observation. The beaches on the landward side on the northern side of river mouth, continuously eroding i.e., attained 138m from an initial value of 272m on nesting beach (PNB-2 transect). The maximum erosion takes place at the northern side of the inlet due to the shifting of mouth by continuous growth of sand spit (Figure 2 and 3) . 
Sediment Texture
Beaches are formed through fluvial supply of sand and the sediment transport along the coast and is a function of hydrodynamics and sediment grain size. Thus, the grain size distribution is widely used to know the property of sediment, affecting their entrainment, transport and deposition (Folk and Ward, 1957; Visher, 1969) . The average mean size of BS (Figure 6a ) is varied from 1.11 (SPIT-2) to 1.22 Ø (SPIT-3). The sediment at BS region varied from coarser to fine along the SPIT-1 and SPIT-3 and coarser to medium along SPIT-2. The average mean range at MS (Figure 6b ) is 1.43 to 1.50 Ø and can be categorized as medium sand. Throughout the observation the sediment at MS varied from coarse to fine along all transects. The averages mean size varied from 1.75 to 1.92 Ø at FS (Figure 6c) classified as medium sand. The annual sediment pattern at the FS region was varied from coarser to fine. On an average, sorting of sediments on spit were found as moderately sorted to moderately well sorted and varied from 0.62 at SPIT-1 to 0.72 Ø at SPIT-3 (Figure 6f ). The FS sediment was found moderately sorted to moderately well sorted, whereas both MS and BS ( Figure 6 d and e) were moderately sorted to well sorted. The bivariant plots are used to understand the geological significance viz., energy conditions, medium of transportation and mode of deposition of any region (Folk and Ward, 1957; Passega 1957) , as the textural parameters of the sediment are often environmentally sensitive (Friedman, 1961 (Friedman, & 1967 . A correlation between mean and sorting indicate the change in sorting with respect to change in mean size for both sides of the inlet was shown in Figure 8 . Spit BS and MS shows distribution of coarser sand to medium sand and moderately sorted to moderately well sorted, whereas FS sediments were in between coarser to fine sand and moderately to well sorted (Figure 8a) . The sediment at BS and MS on the north side of inlet (PNB) were mostly medium to fine and moderately to well sorted. The FS sediment at PNB were coarse to fine sand with a variation from poorly to well sorted (Figure 8b) . The sediments at PNB are of different ranges shows the dominance of dynamicity of the area and erosion process. 
Conclusion
The sand spit and beaches near Rushikulya river inlet is well known for arribada formation of olive ridley turtle. Long term shoreline mapping, beach profile and grain size analysis were carried out. It is observed the sandbar has progressed northward at the rate of 960 m/yr. Even though, the spit undergoes short term erosion during SW monsoon, depositional process override and by the end of an annual cycle, a net cumulative accretion occurs. Spit growth relocates the position of the inlet and act as a barrier by trapping longshore sediment causing severe erosion in the nesting beaches to the north of the inlet. The spit maintains an elevation of ~ 2m on sea side throughout the year in accordance with the prevailing tidal regime and sustains the stability of the spit. The width and volume of sand spit varies with erosion and accretion processes. The grain size varies from coarser to fine sand with moderately to moderately well sorted. Our observation infers that at present proper nesting beach is at stake and continuously eroding, thus, artificial dredging straight to the river orientation will help to restore and protect the nesting beaches. The present study provides a baseline information for critical habitat management and other shoreline issues.
